Although many studies have been reported on the transmembrane potentials of the vertebrate heart, little is known about those of the invertebrate hearts,11,26). According to PRossER17), molluscan heart can be classified as a myogenic heart. Previous histological observations indicate that many of the molluscan myocardium are striated10), suggesting that they have a close similarity to the vertebrate myocardium. The electrogram of molluscan heart was studied by many authors with various materials, including octopus, aplysia , helix, freshwater mussel and oyster17). In general, they have a rapid diphasic deflection at the beginning of the contraction followed by a slow wave. Since the pattern of the surface action potential varies according to the electrode position, monophasic potential recordings are required for discussing the electrical nature of the myocardium. For this reason, the following studies were made to record the action potentials of the myocardium of an oyster (Ostrea laperousei SCHRENK), using an ultramicroelectrode and a suction electrode.
METHODS
Glass ultramicroelectrodes with resistance ranging from 30 to 50 MO were used for intracellular recording. The flexibly mounted electrode system20) was employed for the recording from moving heart. However, electrodes were easily dislodged probably because of a slow and long myocardial contraction and this in turn prevented the use of the ultramicroelectrode for long continuous observation. Thus, the suction electrode was employed instead of the ultramicroelectrode in long recording. It consists of a 5 ml multifit syringe with No. 20 needle with tip ground so that little harm is applied to the surrounding tissues, and finally a lead was soldered to this needle. A piece of myocardium was sucked through this needle and served as a suction electrode. A cathode follower amplifier with a well selected 1/2 12AU7 as head tube was used, whose output was amplified and recorded by both the inkwriting oscilloscope and the cathoderay oscilloscope. Registration of the mechanical tension was also made through the bonded strain gauge and the Sanborn strain gauge amplifier. The heart was isolated from the shell and placed in artificial sea water. 
F.G. 2. Effect of GABA on the action potential (lower curve) and the mechanical tension (upper curve).
A: Control. B: 5 sec after the administration of GABA I x 10-2. C: 10 sec after B curve.
D: 1 minute after C curve. Time 2 sec; Voltage calibration 2 MV. Noted the acceleration of heart beat while the magnitudes of the potential and tension are both inhibited.
FIG. 3. Effect of acetylcholine on the action potential of an oyster heart (suction electrode).
A: Acetylcholine is applied between 1 and 2. Noted an undulatory potential in 2 previous to the spike. The duration of action potential is also shortened in 2. Time in second.
B: Acetylcholine is applied at an arrow in 2. Noted two premature slow potentials at 3 shown by upward arrows.
It can also be noticed that the duration of action potential is shortened, and therefore, the shape of the action potential changes from plateau type to spike type. This change can be comparable to that of the vertebrate atrial potentials9,18).
JV.
Effect of picrotoxin; On the other hand, FIGS. 4 and 5 are the instances of picrotoxin administration where a tremendous increase of the duration of action potential was recorded. In FIG. 4 , a drop of 10 2 picrotoxin was applied to the heart surface at the beginning of B. The tension curve immediately increased. Heart rate temporarily increased but after a few seconds it gradually slowed down and continued until the preparation was washed away with fresh sea water. The 4. Effect of picrotoxine on the action potential (upper curve) and the mechanical tension (lower curve) of an oyster heart. A: Control. B: Immediately after the administration of picrotoxin 1 x 10-2. Noted increase in both heart rate and tension.
C: One minute after B. D and E heart rate decreased remarkably, and the durations of both action potential and mechanical tension remarkably increased.
Noted a close similarity of action potential to the vertebrate myocardium. action potential shows a small initial negative deflection followed by a prolonged potential change.
Similarity of this curve to that of the myocardial monophasic potential is striking. FIG. 5 shows other instances where the prolongation of the plateau phase is also remarkable.
In this instance, the plateau phase of the action potential (C, D and E) is not likely to be a single smooth event. There appears another depolarization at the end of each potential. The fact that the contraction time is much longer than the relaxation time suggests that the muscle contracts tetanically.
Since these curves are obtained by a suction electrode, the activity of many fibers must be taken into consideration during this plateau phase. The prolonged action potential after picrotoxin can be shortened by the administration of GABA and acetylcholine.
DISCUSSION
Two types of action potentials were described, but they all have both spike and slow component, suggesting that in this myocardium, the potential consists of the basic depolarization reinforced by a superimposed spike potential. This finding agrees with that of the vertebrate smooth muscle potentia11,5), rather than myocardial action potentials.
Histological observation was made parallel with this study. Difficulty in inserting the microelectrode is attributed to the small size and the coarse orientation of the muscle fibers. With Azan staining some of the myocardial fibers showed striation, while in the others, striation was hardly recognizable.
Presence of striation in myocardium of molluscan has already been known"), but in some species striation is reported to be absent13). The suggestion can thus be made that the similarity of the oyster myocardial action potential to the vertebrate smooth muscle potential may not largely be due to morphological reasons, such as the existence of striation.
The presence of an overshoot and the double spike (FIG. 1 A-4 and 1 B-3 ) is the characteristic feature of the vertebrate smooth muscle21).
A group of potentials which have a remarkable plateau resembles the typical monophasic action potential recorded from stomach surface4) or sinus node8,19). The difference in pattern of an intracellular action potential appears not due to the different type of myocardial fibers, since the transition from spike type to the spike-dome pattern has frequently been observed with a suction electrode.
HOFFMAN et al. 7) found in the mammalian myocardium that, if the suction electrode is properly used, the monophasic potentials recorded with it may be taken as a reliable index of the shape of the repolarization phase of an action potential. The above experiments provide the possible generalization of their concept into the oyster heart.
Presence of slow depolarization prior to the spike, or the slow waves, appears to be the prepotentials as stated above. The presence of this potential without obvious mechanical contraction after the administration of acetylcholine provides another criterion of the characteristics of this potential. It was previously reported that there are no localized pacemaker regions in this heart studied by a local heating method12). This is in good agreement to the fact that the prepotential can be seen everywhere in this heart. GABA appears to have no appreciable effect on molluscan heart, although in a very concentrated solution, it has an excitatory effect.
A remarkable prolongation of plateau was formerly observed by the administration of low potassium solution and by veratorine14) in vertebrate myocardium . The significance of this finding is that the spike type action potential is converted into a plateau type.
In other words, smooth muscle type potential is changed into a cardiac type. 
